Barley stem rust caused by Puccinia graminis f.sp. tritici Eriks. & E. Henn, was previously contained through the use of genetic resistance resulting from genes such as rpg1 but, in 1999 and 2001 a new race Ug99 or TTKSK with virulence to stem rust resistant cultivars carrying resistance gene rpg1, was detected in Uganda and Kenya, respectively. The new variants of Ug99 like PTKST, TTKSF, TTKST and TTTSK with virulence to genes Sr21, Sr24, and Sr36 of wheat have been detected implying that the race Ug99 is evolving. The experiment was carried out at the Kenya Agricultural Research Institute (KARI) Njoro for two seasons (2008 and 2009) to find out the effect of the new race of Ug99 on the growth and yield of barley. The genotypes included three Kenyan commercial cultivars (Nguzo, Sabini and Karne), two (1512-5 and 1385-13) new introductions from the Kenya malting company and 15 introductions from ICARDA selection. The genotypes were screened for their level of resistance to stem rust disease in the field where each cultivar was sown in plots of 3m length at spacing of 20 cm, at seed rate of 125 kg ha-1 . The same set was sown as control under fungicides application of tebuconazole (folicur) at 0.75 L ha -1 , 3 times in the season starting at stem elongation stage (Zadoks et al., 1974) at an interval of 21 days. The experimental design was randomized complete block design (RCBD) in split plot arrangement with the main plots as the 20 barley cultivars, while the subplots consisted of fungicide (protected and unprotected), replicated three times. Susceptible wheat cultivars, Chozi was planted perpendicular to test plots in the middle of the 1-m pathways on both sides of experimental plots to serve as spreader. Genotype 1512-5 showed the highest severity of (93%) in season 1, while Sabini had the highest severity of 30% in the second season. Nguzo had the lowest disease severity of 16% and 5% in season 1 and 2, respectively. The highest dry matter loss of 41.1 and 43.1% was www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 5; 2012 ISSN 1916-9752 E-ISSN 1916 162 observed in ICARDA-07 and ICARDA-09 in season 1 and 2, respectively. The highest and lowest loss of 67.3% and 17.8% in leaf area was recorded on Sabini and 1385-13 in season 1 respectively. Irrespective of season, higher chlorophyll index was noted in treated plots than in untreated ones. Genotypes ICARDA-14 and ICARDA-13 had the highest (45.8%) and lowest (8.7%) reduction in number of effective tillers in season 1. The new race Ug99 (TTKS) of stem rust caused severe loss on the susceptible genotypes. The highest yield loss of 53.8% was observed in ICARDA-08 while the lowest loss of 6.9% was obtained in ICARDA-12 in season 1. In season 2 the highest loss of 32.1% was obtained in 1385-13 a Kenyan line. In the present study stem rust Ug99 has a great impact on growth and development of barley. The growth and development factors have an impact on the final yield of the crop and if they are disturbed in the initial stages then they can negatively affect the yield of the crop at the end.
Introduction
Barley is a principal raw material used to process malt, a vital ingredient for beer brewing. The industry is one of the highest corporate taxpayers with annual turnover of Kshs. 28.9 billion and employs more than 1600 people across the region. Rust diseases are among the most widespread and economically important diseases of bBarley worldwide. The fungi that cause these diseases are notorious for their ability to increase rapidly and overcome the resistance. Stem rust or black rust (caused by Puccinia graminis Pers. f. sp. tritici Erikss. & E. Henn.) is a serious barley disease causing a decrease of barley yield in many areas of the world (Roelfs, 1978) . Previously the disease was contained through the use of genetic resistance resulting from genes such as rpg1 (CIMMYT, 2005) . In 1999 and 2001 in Uganda and Kenya, respectively a new race Ug99 (TTKS) with virulence to stem rust resistant cultivars, was however detected (Wanyera et al., 2006; Pretorius et al., 2000) . Preliminary work indicates that race TTKS is virulent on barley cultivars carrying the durable stem rust resistance gene Rpg1 (Steffenson and Jin, 2006) . More recently stem rust races Ug99 variants like PTKST, TTKSF, TTKSK, TTKSP, TTKST and TTTSK, with virulence to genes Sr21, Sr24, and Sr36 of wheat imply that the race Ug99 is evolving (Jin et al., 2009; Jin et al., 2008b; Jin et al., 2008, and Jin et al., 2007) . The variants caused severe epidemics and rendered about half of the previously known Ug99-resistant global wheat materials susceptible in Kenya. The experiment was conducted to determine the effect of stem rust race Ug99 on the growth and yield of barley.
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Materials and Methods

Site Description
The experiment was carried out at the Kenya Agricultural Research Institute (KARI) Njoro for two seasons (2008/09). KARI -Njoro situated along the Njoro-Mau Narok road in Nakuru County, located at 0 0 20'S 35 0 56'E and at 2185 meters above sea level. It receives an average rainfall of 939 mm per annum, with a mean temperature range of 9.5 0 C to 24 0 C and falls within the agro-ecological zone III (Jaetzold and Schmidts, 1983).
Germplasm Used
Twenty barley germplasm that included three Kenyan commercial cultivars (Nguzo, Sabini and Karne), two (1512-5 and 1385-13) new introductions from the Kenya malting company and 15 selections from ICARDA were used.
Experimental Design
Each cultivar was sown in plots of 3m length at spacing of 20 cm, at seed rate of 125 kg ha-1 . The same set was sown as control under fungicides application of tebuconazole (folicur) at 0.75 L ha -1 , 3 times in the season starting at stem elongation stage (Zadoks et al., 1974) at an interval of 21 days. The experimental design was randomized complete block design (RCBD) in split plot arrangement with the main plots as the 20 barley cultivars while the subplots consisted of fungicide (protected and unprotected), replicated three times. Susceptible wheat cultivars, Chozi was planted perpendicular to test plots in the middle of the 1-m pathways on both sides of experimental plots to serve as spreader. The spreader rows were inoculated with P. g. tritici pathotype TTKSK at the early jointing stage by injecting an aqueous suspension of urediniospores into the hollow culm of plants at 0.75-m intervals along each spreader. The spores used for inoculation were collected from experimental plots in KARI-Njoro on wheat cultivar Chozi. The inoculum was pre-tested on differential hosts in the greenhouse according to Roelfs et al. (1989) and confirmed to be those of PgtUg99.
Crop Management
A basal dose of DAP fertilizer (18%N and 46% P 2 O 5 ) at a rate of 50 kg ha-1 was applied at planting and followed with a top dress of CAN (23%N) at 25 kg ha-1 a month later. Weeds were controlled using Stomp 500E, a pre-emergency herbicide at a rate of 3.0 L ha -1 . Buctril MC (bromoxyil and iso-octyl esters) a post emergent herbicide was applied at the rate of 1.25 L ha -1 to control broad-leaved weeds (KARI, 2005a) . Metasystox insecticide at the rate of 0.75 L ha -1 was used to control Russian wheat aphid (RWA) and other insect pests.
Data Collection
The infection type responses as described by Roelfs et al. (1992) , McIntosh et al. (1995) and disease severities 0-100%, Peterson et al. (1948) were recorded in both trials starting from when 50% of the plants reached heading stage at an interval of 14 days until hardening stage. Final disease severity (FDS) score was taken at hardening. The disease was assessed as the incidence of plant infected with stem rust in a cultivar, and the percent of the disease severity (modified cobb scale) was used to calculate the area under disease progress curve (AUDPC) of each cultivar as described by Shaner and Finney (1977) and Mwandemele (1993) . Chlorophyll index was taken after every two weeks on the flag leaf of three plants in the plot selected at random using a chlorophyll meter and the average was calculated. The tillering capacity was determined by counting the number of spikes per meter squared.
Harvesting was done after physiological maturity to ensure all the spikes were sufficiently dry for harvesting. A half meter square quadrant was thrown in the middle of each plot and a fifty tillers harvested by cutting them at the ground level using a sickle and put into a labeled paper bag for subsequent drying in an oven at 65 0 C (48h) until constant weight and weighed at 13% moisture content. The spikes from each plot were fed into a portable thresher and winnowed. The 1000-kernel weight was determined after counting the grain with an electric seed counter (Model: PFEUFFER GmbH FlugplatzstraBe70D-97318 Kitzingen). The yield of the whole plot was determined by harvesting the whole plot and threshing them. The grain yield loss for each cultivar was calculated by subtracting the yield of untreated plot from the treated and then divided by the yield of treated plot multiplied by 100. The grain shriveling was determined by sampling grains from each plot and screening them through 2.5mm sieve.
Results and Discussions
Stem Rust Development and Expression of Resistance
Field Disease Severity
The mean final disease severity (FDS) was higher in season 1 compared to season 2 (Table 1 ). This may be attributed to the higher relative humidity and warmer temperatures in season 1. The area under disease progress curve (AUDPC) varied with season and genotypes. The highest final disease was noted in 1512-5 and Sabini in season 1 and 2, respectively. 1385-13 had the highest AUDPC in season 1, while ICARDA-01 had the lowest in season 2. The variation in disease progress may be attributed to genotype and phenotype differences of plant types. Fast rusting genotypes are generally associated with high disease progress and final disease rating. Similarly, Lal et al. (2004) found a relationship in values for final diseases and AUDPC in slow rusting and susceptible cultivars among barley genotypes. The slow rusting ability is due to the effect of a combination of genes working together against the disease. According to Kleinhofs et al. (2009) the rpg4 and rpg5 genes confer resistance to several wheat stem rust races, including TTKSK that is threatening the world wheat and barley. Harder et al. (2000) confirmed that lines with gene combinations of rpg1/rpg3 and rpg1/rpg4 provided a highest level of protection to stem rust epidemic than those with rpg1/rpgU combination. Season is an important factor in disease development where the season is conducive for the disease we expect high score for final disease and large area under disease development curve that is why season was significant for all genotypes regardless of the disease reaction.
Effect of Stem Rust on Growth and Growth Components
Dry Matter
A mean dry matter loss of 20.7 and 23.0% attributed to stem rust Ug99 was observed in season 1 and 2, respectively. The highest dry matter loss of 41.1 and 43.1% was observed in ICARDA-07 and ICARDA-09 in season 1 and 2, respectively (Table 2 ). Harder and Legge (2000) similarly found dry matter reduction of up to 25.5% under natural infection of stem rust. In addition to the effect on dry matter, the rust pathogen also affects the translocation patterns of the photosynthates, which are preferentially directed toward the infected zones where they are used up by the rust pathogen at the expense of the host growth and development (Bushnell and Roelfs, 1984) . Durbin (1967) reported that the rusted host had higher respiration rates and depressed photosynthesis that led to reduction in growth and accumulation of dry matter.
Leaf Area
The leaf area was higher in treated plots than in untreated ones in both seasons (Table 2 ). In season 1 the highest and lowest loss of 67.3% and 17.8% was recorded on Sabini and 1385-13, respectively. In season two ICARDA-14 and ICARDA-08 had the highest (35.1%) and lowest (8.9%) amount of losses, respectively. The reduction in the photosynthetic leaf area was attributed to flaking (Bushnell and Roelfs, 1984) . Extensive pustule cover on the stems and leaves, compiled with reduced leaf surface area hence light interception and photosynthesis, could have affected plant performance.
Chlorophyll Index
Irrespective of season, higher chlorophyll index was noted in treated plots than in untreated ones ( Table 2 ). The highest chlorophyll losses of 56.2% in Nguzo and 54.9% in 1512-5 were noted in season 1 and 2, respectively. Herrera-Foessel et al. (2006) attributed the reduction in chlorophyll content to the hypersensitive reaction on the leave sheaths. Owere et al. (1981) found the loss of chlorophyll to be the principal limiting factor of photosynthesis in barley affected by leaf rust. Increase in ethylene and abscisic acid content of stem rust infected wheat could promote senescence and premature yellowing of healthy leaves (Harder et al., 1984) . Gordon and Duniway (1982) ; Tani et al. (1973) reported a reduction in amount of ribosomal RNA in an oat infected with crown rust suggesting that synthesis of chloroplast protein may be generally depressed by rust infections.
Tillering Capacity
The numbers of effective tillers in protected plots were higher than those in unprotected ones across the seasons (Table 2 ). Genotypes ICARDA-14 and ICARDA-13 had the highest (45.8%) and lowest (8.7%) reduction in number of effective tillers in season 1, respectively. In season 2, 1385-13 had a loss of 24% and selection ICARDA-13 with 1.7%. Plant processes are generally intimately related. Changes in photosynthates distribution induced by localized infections of rust fungi will have physiological and metabolic repercussion in other parts of the plant and at later times in its development (Agrios, 2005) . Bushnell and Rowell (1968) found that in severely rusted wheat shoot desiccation and death led to a drastic decline in the roots capacity to water absorption. Tillering capacity is a function of availability of adequate photosynthates and ideal environment.
Plant Height
Plant height is an important proxy of growth, variation of plant height is a function of genotype and season. In season 1, a significant loss in plant height in selections ICARDA-07, ICARDA-04, ICARDA-11, ICARDA-13 and Nguzo was noted. In season 2, ICARDA-03, 1385-13 and KARNE had the highest loss in height (Table 2) . Harder and Legge (2000), however found no reduction in plant height caused by stem rust in barley. The difference could be as a result of factors like the stage of plant development at the time of infection, location of infection on the plant, and the environmental condition can modify the magnitude of the effect. Corver and Griffiths (1981) noted that the imbalance created during the early plant growth by diseases like powdery mildew and rusts can have particular large effect on the plant height and number of tillers.
Effect of Stem Rust Ug99 on Yield and Yield Components
Total Grain Yield
The new race Ug99 (TTKS) of stem rust caused severe loss on the susceptible genotypes (Table 3 ). The highest yield loss of 53.8% was observed in ICARDA-08 while the lowest loss of 6.9% was obtained in ICARDA-12 in season 1. In season 2 the highest loss of 32.1% was obtained in 1385-13, a Kenyan line. The rapid disease progression on susceptible cultivars was exhibited in the extensive yield losses. This means that when environmental conditions are ideal for proliferation and rapid progression of stem rust, reduction in crop yields would be expected. Dill-Macky et al. (1990) in Australia similarly reported a reduction in yield ranging from 20 to 60 % caused by stem rust. Loughman et al. (2005) reported that stem rust can cause yield losses irrespective of the level of resistance. Generally plants respond to infection using energy -demanding physiological processes, such as defense reaction hence the yield declines (Smedegaard-Petersen and Tolstrup, 1985) . The fungicides increase the yields of the treated cultivars through protection against the disease and/or phytotonic effect. Ransom et al. (2008) found that there was an increase in yield of hard winter wheat cultivars. The fungicides also increased the days to senescence, the grain filling and ultimately the yield (Burgeno et al., 2000) . Yang (et al. 2000) reported that fungicides increased yield by 0.25 % when used to control stem rust disease in barley. This explains the increase in yield in protected plots across the season, especially in the first season. Mayfield (1985) found a clear relationship between grain yield and disease severity and demonstrated that increasing stem rust severity by about 1% increased grain loss by 2%. Most of the barley germplasm did not show significant reduction in kernel weight. The grain yield loss in susceptible cultivars was attributed to interruption in movement of photosynthates , water and minerals caused by wheat stem rust (Agrios, 2005) .
Thousand Kernel Weight
A thousand kernel weight was higher in treated plots than in untreated ones in both seasons. The highest loss (14.8%) was associated with the disease on Sabini in season 1 (Table 3) . Harder and Legge (2000) similarly reported a loss ranging from 7-43% in kernel weight in barley for resistant and susceptible varieties, respectively. Herrera-Foessel et al. (2006) reported an average loss in kernel weight of 13.3 and 10.3% in durum wheat for normal-and late-sown trials, respectively; hence, the average kernel weight was reduced irrespective of rust pressure in the late sown trial. Gaunt (1981) described tolerance as the ability of the plant to maintain desirable yield, quality and performance in the presence of the disease symptom or if the plant appears susceptible to the disease. The 1000 kernel weight is not likely to describe disease effects on the yield than the yield measurement itself, because they were not consistent across the seasons.
Grain Size
Grain size is an important parameter of yield and quality of any crop. Grains from untreated plots passed through the 2.5mm sieve than from the treated plots (Table 3 ). The highest loss of 69% in 1512-5 and 49.5% in ICARDA-09 was recorded in the two seasons respectively. The genotype 1512-5 had the highest loss, final disease and second last area under disease progress curve in season 1 that was not the case for ICARDA-09 in season 2. The reduction in the grain size can be greatly attributated to the negative effect of stem rust on grain filling process. Calpouzos et al. (1976) and Johnson and Wilcoxson (1979) attributed, reduction in grain size and weight had been associated with stem rust of wheat and barley leaf rust caused by Puccinia hordei). The disease affects the photosynthates partitioning to the grain, reducing the size and adversely affecting the quality of barley. Barley grains of different sizes vary in malting behavior and produce malts with different properties (Burger and La Berge, 1985) . The small grains from rusted plants were generally unsuitable for the production of malt. When infection occur during critical periods such as anthesis or grain filling, productivity can be drastically curtailed because the maturation period is reduced hence the reduced grain size (Bushnell and Roelfs, 1984) .
Conclusions
In the present study stem rust Ug99 has been found to have a great impact on growth and development of barley. Despite the fact that most of the barley genotypes were affected by the disease some did not show a high final disease and AUDPC that was reflected in the reduced losses of the growth and development aspects of the respective genotypes. This was mainly attributed to the slow rusting factor in the genotypes. The growth and development factors have an impact on the final yield of the crop and if they are disturbed in the initial stages then they can affect the yield of the crop at the end. Season and genotype are also important factors that affect pressure of the diseases and hence the growth and development. 
